, this study identifies price linkages and then forecasts vertical price transmission elasticities between markets (farm, wholesale, retail and export) in the value chain of hard clam (Meratrix lyrata) in Vietnam. After doing necessary tests to make sure that all price data are stationary, Seemingly Unrelated Regression (SUR) and Error Correction Model (ECM) are employed to examine short-time and long-time effects of hard clam price in one market on the other market in its value chain. The seemingly unrelated regression results show that hard clam prices seem not depend on seasons. Farm price of hard clam is transmitted completely to wholesale price while the price in retail market causes negative effect on farm price in the short run. Wholesale price of hard clam is transmitted to both prices in farm and retail markets. The export price of hard clam is estimated not to be affected in the short run by prices in other markets except retail price in domestic markets. Error correction models confirm the independence of hard clam price on annual seasons. The transmission elasticities of prices between the markets are also identified based on model estimation.
INTRODUCTION
Fish demand is increasing in the Vietnamese domestic market, especially in HCMC. The number of supermarkets rises every year. Vietnamese people consume mostly fish (including freshwater and marine fish) in fishery structure consumption. In a recent study, most of Vietnamese consumers prefer fresh products of fish to frozen ones, especially with mollusk products.
Hard clam (Meratrix lyrata) is kept and harvested in "clam farming beaches" in coastal Vietnam. It is distributed mostly along southern coastal lines and recently migrated to coastal areas in northern and central Vietnam. With distribution areas of 10.000 -11.500 ha, mollusk production in Vietnam is estimated at 300,000-350,000 tons a year, including 50,000-60,000 tons of hard clams. In the Mekong Delta, main production areas are in Bến Tre and Tiền Giang but also Trà Vinh, Sóc Trăng and Kiên Giang. The natural seed stock is estimated at 670 -710 tons, mostly located in Tiền Giang, Bến Tre and Trà Vinh. The clam production in Bến Tre has been awarded a MSC (Marine Stewardship Council, a British-based global certification and eco-labelling program for sustainable seafood production) certification on Nov. 9, 2009. In 2009, Vietnam exported more than 18,000 tons of hard clam, valued US$40 million, increasing by 50% in both volume and value relative to 2008. The EU is the biggest market of Vietnamese clam as it consumed 73.8% of export volume. The other markets include, but not limited to, the US, ASEAN, Canada, China and Hong Kong. Sinh (2010) describes the value chain of hard clam in Vietnam in which most of hard clam output is exported to international markets (Diagram 1). The proportion of the output domestically consumed is small but increasing when hard clams are sold in every restaurant and local market. However, the price relationship among markets of the value chain is still ignored in the study in spite of the fact that price is the primary mechanism by which markets are linked, and vertical transmission of a price shock is an important element in the description of a market operation (Goodwin & Holt, 1999) . A transmission parameter summarizes the overall effect of a set of factors affecting price signals, including transaction costs that may be stationary, the existence of market power among the agents involved, the existence of non-constant returns to scale, the degree of product homogeneity, the changes of the exchange rates, and the effects of border and domestic policies (Conforti, 2004) .
This study explores the interrelationships among markets in the value chain of hard clam in Vietnam. This paper is expected to supplement the research literature on aquatic product markets in Vietnam as well as provide Vietnamese hard clam producers a tool to predict market price based on price signals from other markets in the value chain.
Diagram 1: The Value Chain of Hard Clam in Vietnam
Source: Sinh, 2010 
THEORETICAL FRAMEWORK AND RESEARCH METHODOLOGY a. Theoretical Basis and Analysis Framework:
A wide range of economic literature has studied the relationship between prices, either spatial or vertical. Concerning the former, a wide recent critical review is in Fackler & Goodwin (2001) . The premises of full price transmission and market integration correspond to those of the standard competition model: in a frictionless undistorted world, the Law of One Price is supposed to regulate spatial price relations, while pricing along production chains will depend exclusively on production costs, with all firms producing on the highest isoquant compatible with their isocost lines (Conforti, 2004) . In a value chain of seafood (Diagram 2) summarized by Engle & Quagrainie (2009) , prices in stages of farm-gate, wholesale, retail and export markets are interrelated. Each stage in the value chain would be considered a separate market.
Diagram 2: Value Chain in Seafood
Source: Engle & Quagrainie, 2009 In a value chain of a seafood (say, hard clam), an increase in demand of a market (market 1 or 2 in Figure 1 ) leads to a rise in its equilibrium price. The increased demand would derive an increase in demand in other markets of the chain, causing an increase in equilibrium price of the latter market (market 2 or 1). For supply side (Figure 2 ), due to factor-product relationship, an increase in supply of the product in a market would raise supply in other markets of the chain. These same direction increases would lead to the same direction (downward trend) change in prices in the markets. However, a change in a market may act as a signal for a change in other market (Figure 3 ). Asche et al. (2002) found that prices in different markets in cod's value chain were likely to change in the same direction. They observed the cod's vessel price changed in a same trend with the ones in local and export markets. Von Cramon-Taubadel (1998) employs error correction models to identify linkages between pork markets in German. Giap (2010) and Duc (2010) also use this statistical method to examine price linkage between two markets: farm gate and processed channel catfish in the US. Several researches on price transmission in the value chain of channel catfish from farm to wholesale markets are implemented by various researchers such as Kinnucan & Wineholt (1988) , Gonzales et al. (2002) , Nyankori (1991) , Hudson & Hanson (1999) , Buguk et al. (2003) , Kinnucan & Miao (1999) . In Vietnam, Duc (2012) also use time series analyses to examine the effects of prices in upstream markets (wholesale, retail, and export) on price of farm gate market in the value chain of black tiger shrimp.
b. Linear Regression Methods:
Based on the above theories, this study uses linear model (Equation 1) to identify interrelationship among prices and then derive price transmission between markets of the value chain of hard clam in Vietnam with the expectation that the prices give positive effect on each other.
where i, j = 1,…4 (i ≠ j), represent four markets of farm gate, wholesale, retail price and export in the value chain of hard clams in Vietnam; res is residual of the model.
Because the double-logarithm form has been popular in economic research, for the convenience of interpreting parameters estimated, it is also employed in this study. Price of farmed fish usually fluctuates seasonally (Kinnucan & Miao, 1999) , so the dummy variables Q2, Q3, Q4 are introduced to represent quarter 1, quarter 2, quarter 3, and identify possible effects of seasons on hard clam prices in markets. Equation 1 was adjusted to Equation 2 in the form of a co integration model of hard clam.
LnPi = bi + bjlnPj + Q2 + Q3 + Q4 + res (Equation 2) with i, j = 1,…4 (i ≠ j).
The seemingly unrelated regression (SUR) is a generalization of a linear regression model that consists of several regression equations, each having its own dependent variable and potentially different sets of exogenous explanatory variables. The model can be estimated equation-by-equation using standard ordinary least squares. Such estimates are consistent, however generally not as efficient as the SUR method, which amounts to feasible generalized least squares with a specific form of the variancecovariance matrix. The SUR model can be viewed as either the simplification of the general linear model where certain variables are restricted to be equal to zero, or as the generalization of the general linear model where the independent variables are allowed to be different in each equation. The SUR model can be further generalized into the simultaneous equations regression, where the independent variables are allowed to be the endogenous variables as well. Granger & Newbold (1974) justify that ordinary least square (OLS), popularly used in linear regression, for time series data would not be stationary and might provide incorrect results in regression models. Von Cramon-Taubadel & Loy (1999) develop statistical methods to correct the results based on co integration concepts by Engle & Granger (1987) and Johansen (1988) . Conforti (2004) states that co-integration between the price series analyzed implies that two prices may behave in a different way in the short run, but that they will converge toward a common behavior in the long run. If this property is verified, the characteristics of the dynamic relationship between the prices can be described by an error correction model (ECM).
Error correction models are a category of multiple time series models that directly estimate the speed at which a dependent variable returns to equilibrium after a change in an independent variable. ECMs are a theoretically-driven approach useful for estimating both short-term and long-term effects of one time series on another. Thus, they often blend well with our theories of political and social processes. ECMs are useful models when dealing with integrated data, but can also be used with stationary data.
In an ECM, the short-run adjustment parameter can be interpreted as a measure of the speed of price transmission, while the long run multiplier can be interpreted as a measure of the degree of price transmission of one price to the other (Prakash, 1999) . The properties of co-integrated series also imply the existence of a causality relation, as defined by Granger, that can be tested by assessing if the past observations of one of the two prices (fail to) predict those of the other. Therefore, most analyses start by investigating the dynamic properties of the price series, through tests for the presence of unit roots, and then proceed with co-integration tests, and with the specification of ECMs.
Regarding the theory of co-integration, price interrelationships among different markets were estimated by constructing error correction models (Equation 3).
Where d represents differences (in logarithm of prices) between the month of t and t-1; i, j = 1,…4 (i≠j) for four markets in the value chain; i are elasticities representing price linkages between the markets; and  is error parameter representing adjustment speed of the model toward its long-term steady state. 
b. Co-integration in Prices of Four Markets in the Hard Clam's Value Chain:
Co-integration test (Table 2) confirms that price series in the markets varied in the same trend during 2007-2010. Therefore, price series can be used in double logarithm form for an OLS regression to examine the relationship between prices in different markets of the value chain of hard clam in Vietnam. 
c. Price Relationship among Four Markets in the Value Chain of Hard Clam in Vietnam:
Difference models with variables in logarithm even regressed in single equation separately (Table 3 ) or in systematically (Table 4) confirm interrelationship between prices in the markets of hard clam's value chain. Positive effects of wholesale on farm gate and retail prices are confirmed as expected, but the effect of export price is not significant enough. However, the relationship between retail prices in domestic markets and farm gate price is negative and significant. Because most clam output in Vietnam is for export, the SUR for equation shows that farm gate price of this product affects export price. The seasonal effects are insignificant for farm gate price of hard clam in Vietnam.
d. Price Transmission between Markets in the Value Chain of Hard Clam in Vietnam:
Difference models usually represent short-term effects of explanatory variables on dependent ones. With all of residual terms of spurious models for the price series in logarithm which have passed Engle-Granger test for unite roots, ECMs can be used to explore long term relationships between the prices.
The ECMs were exhibited in Table 5 . The parameters in above equations of price variables (in logarithm form) represent transmission elasticities of dependent price variable in left-hand side with respect to price repressors in right-hand side. With the above long-term equations estimated, the transmission elasticity of farm price in respect of wholesale price is 1.13, exhibiting a powerful impact of wholesale market on farm price of hard clam. This impact makes the farm gate price very sensitive to wholesale price. When the price in the wholesale market increases by 1%, farm price would increase more than 1%, by 1.13%. The price transmission elasticity of hard clam farm price to retail price is -0.35 in one-month periods. This result shows an increase in retail market of hard clam may be a signal for a decrease in farm price caused by a possible increase in farmed hard clam harvest to response the increase in domestic retail markets as represented in Figure 3 . Farm price is adjusted positively in the long run following the one-month lag of retail price, representing a derived demand relationship (Figure 1 ). However, farm price adjusted negatively following the one-month lag of wholesale price in long run, exhibiting a factor-product relationship as in Figure 2 .
Replacing error terms of spurious equations in to ECMs
The transmission elasticity of wholesale price in respect of farm price is 0.60 and to retail price is 0.44. This result confirms that farm price is transmitted positively to wholesale price of hard clam although wholesale price is adjusted negatively by both farm and retail prices in previous months.
The transmission elasticity of retail price in respect of farm price is -0.29, exhibiting a positive interrelationship between retail and farm prices. When all markets are adjusted in the long run, farm price and retail price do not affect each other with zero parameter summation (for 2 periods) of retail price in Equation 4 and of farm price in Equation 6. The transmission elasticity of retail price in respect of wholesale price being 0.79 also shows a positive interrelationship between retail and wholesale prices. This result once again confirms the power of wholesale markets (dominated by middlepersons) on prices of both farm and retail markets. The negative relationship between export and retail prices in previous months suggests that the two markets are competing for the product and a change in export price may act as a signal for a change in price of retail market.
Export price of hard clam is not affected by prices in other markets, except retail one, in its value chain in short run. This result reveals that export price of hard clam seems to be independent in short time with respect to domestic markets fluctuation. Vietnam is still a small exporter of hard clam, so that it is a price taker, in the global market. Price fluctuation in domestic markets is not strong enough to give a significant influence on export price. However, export price is affected negatively by exchange rate in previous months. As Vietnamese currency loses its value, export price of hard clam is estimated to be lower, resulting in a possible increase in export volume to international markets. This result is consistent with trade theory in international economics.
CONCLUSIONS AND POLICY IMPLICATIONS a. Conclusions:
The linear regression results shows that hard clam prices seem independent from seasons. Farm price is transmitted completely to wholesale price while the price in retail market produces negative effect on farm price in the short run. Wholesale price has been transmitted to both prices in farm and retail markets. The regression for the export price shows that the price seems not to be affected in the short run by prices in wholesale and retail markets but receiving a positive effect from farm price. Error correction models confirm the independence of hard clam price on annual seasons. The ECM results confirm price transmission from farm to wholesale market and from the down-stream markets to retail one in the value chain. Negative effect of USD-VND exchange rate on hard clam export price is also estimated by the models.
b. Policy Implications:
The findings from this study supplement recent researches in Vietnamese fishery sector and create a potential empirical base for future researches on other aquatic products. Price fluctuation, a reason of bullwhip effect in supply chain, is not only important to economists but also to corporate managers, especially in agri-business industry. The results from this study justify that for the long run, prices in markets of clam value chain have adjusted according to not only their lags but also signs of price fluctuation in other markets. Upstream corporates (retailers and exporters) can forecast future prices in other markets of the value chain based on previous price data changes in domestic markets.
In this study wholesale price of hard clam is confirmed to be transmitted to both prices in farm and retail markets, exhibiting the critical role and power of middlemen in market price decision. To support stability of this value chain, market controlling officials should take measures to supervise the power of those key market players.
The findings are also expected to provide clam producers with knowledge of price signals from wholesale and export markets. With better communication through available telephone and the Internet, clam farmers would find previous market price data and forecast the changes in farm price to help them in production planning and empower them in trading negotiation with middlemen and processing companies
